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BACKGROUND 



The present invention is related to antistatic 
fabrics. More particularly the present invention relates 
to a system and method for decreasing electrostatic 
discharges to reduce the potential for incendiary 
discharges caused by electrostatic charges in flexible 
containers such as flexible intermediate bulk containers 
(FIBCs) • 

Containers formed of flexible fabric are being used in 
commerce more and more widely to carry f ree-f lowable 
materials in bulk quantities. Flexible intermediate bulk 
containers have been utilized for a nixtnber of years to 
transport and -deliver finely divided solids such as cement, 
fertilizers, salt, sugar, and barite, among others. Such 
bulk containers can in fact be utilized for transporting 
almost any type of f ree-f lowable finely divided solid. The 
fabric from which they are generally constructed is a weave 
of a polyolefin, e.g. / polypropylene, which may optionally 
receive a coating of a similar polyolefin on one or both 
sides of the fabric. If such a coating is applied, the 
fabric will be non-porous, while fabric without such 
coating will be porous. The usual configuration of such 
flexible bulk containers involves a rectilinear or 
cylindrical body having a wall, base, cover, and a closable 
spout secured to extend from the base or the top or both. 



Such containers are handled by placing the forks of a 
forklift hoist through loops attached to the container. 
The weight of such a bulk container when loaded is 
typically between 500 pounds and 4,000 pounds, depending 
upon the density of the material being transported. 

Crystalline (isotactic) polypropylene is a 
particularly useful material from which to fabricate 
monofilament, multifilament or flat tape yarns for use in 
the construction of such woven fabrics. In weaving fabrics 
of polypropylene, it is the practice to orient the yarns 
monoaxially, which may be of rectangular or circular 
cross-section. This is usually accomplished by 
hot-drawing, so as to irreversible stretch the yarns and 
thereby orient their molecular structure. Fabrics of this 
construction are exceptionally strong and stable as well as 
being light-weight . 

Examples of textile fabrics of the type described 
above and flexible bulk containers made using such fabrics 
are disclosed in U.S. Pat. Nos. 3,470,928, 4,207,937, 
4,362,199, and 4,643,119. 

It has been found that the shifting of specific 
materials within containers made of woven fabrics, as well 
as particle separation between the materials and such 
containers during loading and unloading of the container 
cause triboelectrif ication and create an accumulation of 
static electricity on the container walls. In addition, 
the accumulation of static electricity is greater at lower 
relative humidity and increases as the relative humidity 
drops. Also, highly charged material entering such 
containers can create an accumulation of static electricity 



on the container walls. Electrostatic discharges from a 
charged container can be incendiary, i.e., cause combustion 
in dusty atmospheres or in flammable vapor atmospheres. 
Moreover, discharges can be quite uncomfortable to workers 
handling such containers. 

One conventional approach to solving this problem is 
to use a grounded container. Such a container may include 
conductive fibers that are electrically connected to ground 
to carry the electric charge from the surface of the bag. 
The conductive yarns may be interconnected and one or more 
connection points may be provided for an external ground 
source. For example, Canadian Patent 1,14 3,673 and U.S. 
Patent No. 4,431,310 disclose a fabric construction based 
on polyolefin yarn having conductive fibers in the yarns. 
Alternatively, the fabric may be coated with a layer of 
plastic film having an outer metalized surface, such as 
disclosed in United States Patent No. 4,833,088. 

The use of a grounded container, however, works only 
as long as the container remains grounded. If the 
container becomes ungrounded, its ability to decrease the 
potential for an incendiary discharge is lost, and due to 
the higher capacitance of the conductive system, the 
discharge can be much more energetic and incendiary than 
conventional non-conductive containers. Specifically, if 
such a container is not grounded, a spark discharge may 
develop which is capable of igniting flammable vapors or 
dust clouds and therefore must be grounded during the fill 
and emptying operations to provide a path for electrical 
discharge. Additionally, fabrication of the conductive 
containers requires specialized construction techniques to 



ensure all conductive surfaces are electrically connected 
together for a ground source. 

Another conventional approach to decreasing the 
potential for incendiary discharges in flexible containers 
has been directed toward decreasing the surface 
electrostatic field of the container. If the magnitude of 
the electrostatic field on the surface of a container is 
above a certain threshold level, the potential for an 
incendiary discharge due to the electrostatic charge 
exists. That threshold level is about -500 kilovolts per 
meter (kV/m) for intermediate bulk containers made from 
woven polypropylene fabric. By decreasing the surface 
electrostatic field below about -500 kV/m, the potential 
for an incendiary discharge is greatly decreased and 
believed to be rendered virtually non-existent. Attempts 
at reducing the surface electrostatic field level below 
about -500 kV/m have not, however, proven successful 
without proper grounding. 

One such effort at decreasing surface electrostatic 
fields has focused on the creation of corona discharges. 
There are four basic types of electrostatic discharges: 
spark discharges; brush discharges; propagating brush 
discharges; and, corona discharges. Of the four 
electrostatic discharges, the spark, the brush and the 
propagating brush electrostatic discharges can all create 
incendiary discharges. The corona discharge is not known 
to create incendiary discharges for coinmon flammable 
atmospheres. 

By incorporating certain materials into the flexible 
fabric container, as the electrostatic field increases. 



corona discharges from such materials limit the maximum 
field. This electrostatic field level, however, is above 
the -500 kV/m threshold level at which the potential for 
incendiary discharge first appears. Examples of this 
conventional approach include U.S. Patent No. 4,207,376 
(Nagayasu) , U.S. Patent No. 4,989,995 (Rubenstein) , U.S. 
Patent No. 4,900,495 (Lin), U.S. Patent No. 4,997,712 
(Lin), U.S. Patent No. 5,116,681 (Lin) and U.S. Patent No. 
5, 147, 704 (Lin) . 

Yet another approach to the problem of incendiary 
discharge has been to decrease the surface resistivity of a 
container by coating the container with an antistatic 
material. Such a coating on the container surface 
increases the threshold level of the potential for an 
incendiary discharge to about -1500 kV/m, However, the 
potential for an incendiary discharge is still a very real 
possibility. Examples of this approach include U.S. Patent 
No, 5,151,321 (Reeves) and U.S. Patent No. 5,092,683 
(Wurr) , 

SUMMARY 

The present invention alleviates the deficiencies of 
the prior art to a great extent by providing an ungrounded 
type flexible fabric container system with reduced 
electrostatic discharge for use in a combustible 
environment. The flexible fabric container is formed of 
woven fabric configured to have side walls, a closed end 
and an open end. The woven fabric further has an electric 
resistivity which allows flow of electricity through the 
fabric at a rate that causes discharges from the fabric of 
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about one-hundred nanocoulombs (nC) or less when the fabric 
is charged at more than negative ten kilovolts. 

The flexible fabric container may further include a 
plurality of quasi-conductive fibers positioned about 
one-half to about four inches apart from one another and 
having corona discharge points. The fibers are sized and 
shaped to effect corona discharge at the discharge points 
and have sufficient resistance to avoid discharge at its 
ends or along its length at a rate resulting in incendiary 
type discharges in combustible environments. 

The flexible fabric container may include, in addition 
to the quasi-conductive fibers, a coating of a compound 
having antistatic properties applied to a surface of the 
walls. Further, the quasi-conductive fibers may be woven 
into the flexible fabric container. 

The present invention further discloses a method for 
reducing electrostatic discharge in an ungrounded type 
flexible fabric container system for use in a combustible 
environment. The method includes the steps of providing a 
woven fabric which is configured to form the flexible 
fabric container having side walls, a closed end and an 
open end and adjusting the electrical resistivity of the 
woven fabric to allow the flow of electricity through the 
fabric at a rate that causes discharges from the fabric of 
about one-hundred nanocoulombs or less per individual 
discharge with the fabric charged at greater than about 
negative ten thousand volts. 

A primary object of the present invention is to 
disclose a system with reduced electrostatic discharge 



including woven fabric configured into a flexible container 
and having sufficient electrical resistivity to allow 
discharges from the fabric of about one-hundred 
nanocoulombs or less when the fabric is charged to more 
than negative ten thousand volts. 

Another object of the present invention is to disclose 
a flexible fabric container with a reduced potential for 
incendiary discharge using quasi-conductive fibers. 

Another object of the present invention is to disclose 
a flexible fabric container including both quasi-conductive 
fibers and an antistatic coating compound. The 
quasi-conductive fibers may be woven into the fabric. 

Another object of the present invention is to disclose 
a method for reducing electrostatic discharge in ungrounded 
type flexible fabric container systems by providing a 
flexible fabric container made from woven fabric and 
adjusting the electric resistivity of the woven fabric to 
allow the flow of electricity through the fabric at a rate 
allowing discharges of about one-hundred nanocoulombs or 
less when the fabric is charged at more than negative ten 
kilovolts . 

Additional objects and advantages of the invention 
will be set forth in part in the discussion that follows 
and in part will be obvious from the description or may be 
learned by the practice of the invention. The object and 
advantages of the invention will be obtained by means of 
the instrumentalities and combinations particularly pointed 
out in the appended claims. 
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To achieve the objects and in accordance with the 
purpose of the invention as embodied and broadly described 
herein, the present invention provides for antistatic 
flexible fabric materials formed from woven, axially 
oriented crystalline polypropylene fiber. In one 
embodiment of the invention, the fabric is further 
characterized as having a coating of a flexible, 
thermoplastic polymer on one side of the fabric, 

A particular advantage of the fabrics of the present 
invention is that specific surface resistivities, e.g. , 
between 10^ and 10^^ ohm/square (Q/D) , are achieved and when 
containers are normally constructed therefrom, need not be 
grounded during filling and emptying operations. As static 
charges are generated, the electrostatic charge can flow 
across the fabric and dissipate as low corona or low static 
discharges in the discharge channel. Thus, containers 
constructed from the fabrics of the present invention, 
under certain conditions, will not produce an incendiary 
static discharge, and do not require the use of a physical 
electrical ground . 

To achieve the objects and in accordance with the 
purpose of the invention as embodied and broadly described 
herein, the present invention also provides for a 
quasi-conductive woven fabric section including 
quasi-conductive fibers. As an additional step, an 
antistatic coating can be applied to the woven fabric 
section. A coating with a specific surface resistivity 
range, for example an antistatic coating, can be applied so 
that it covers the entire surface, or it can be applied so 
that it covers a portion of the surface. 
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The present invention also provides a process for 
making flexible containers with a reduced potential for 
incendiary discharge made of woven fabric sections 
including the cjuasi-conductive fibers. In addition, a 
process is provided for making such flexible containers 
with a reduced potential for incendiary discharge that 
includes an antistatic coating on the containers, either 
over the entire surface or over a portion of the surface. 
By leaving a portion of the surface uncoated, the product 
packaged within the flexible containers can "breath, " which 
is required in certain applications, such as in the 
transportation of talc or kaolin clay. While the coating 
of a portion of the surface can be applied in any pattern, 
applying the coating in strips allows for greater 
manufacturing efficiency. Furthermore, the strips can be 
either in the warp or the weft direction. 

With these and other objects, advantages and features 
of the invention that may become hereinafter apparent, the 
nature of the invention may be more clearly understood by 
reference to the following detailed description of the 
invention, the appended claims and to the several drawings 
attached herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A fuller understanding of the invention may be had by 
referring to the following description and claims taken in 
conjunction with the accompanying drawings, wherein: 

FIG. 1 is a schematic of the body of woven fiber 
material used in forming a fabric according to a preferred 
embodiment of the invention; 
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FIG, 2 is a schematic of a laminated structure 
according to another preferred embodiment of the invention 

FIG. 3 is a partial view of a woven fabric section 
including fibers in the warp and weft directions; 

FIG. 4 is a partial view of a woven fabric section 
including cjuasi-conductive fibers woven in the warp 
direction; 

FIG. 5 is a cross-sectional view of a preferred 
embodiment of a single filament of the quasi-conductive 
fiber of FIG. 4, taken along line 5-5; 

FIG. 6 is a side view of a woven flexible fabric 
container including quasi-conductive fibers and further 
including a strip of an antistatic coating; 

FIG. 7 is a graph depicting the potential for 
incendiary discharge on a conventional flexible 
intermediate bulk container; 

FIG. 8 is a graph depicting the potential for 
incendiary discharge on a flexible intermediate bulk 
container which has antistatic coating; 

FIG. 9 is a graph depicting the potential for 
incendiary discharge on a flexible intermediate bulk 
container including quasi-conductive fibers and an 
antistatic coating; 
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FIG. 10 is a cross-sectional view of another preferred 
embodiment of a single filament of a quasi-conductive fiber 
according to the present invention; 

FIG. 11 is a cross-sectional view of another preferred 
embodiment of a single filament of a quasi-conductive fiber 
according to the present invention; 

FIG. 12 is a schematic view of electrostatic charge 
migration along a fabric material of a preferred' embodiment 
according to the present invention; 

FIG. 13 is a graph view of electrostatic discharges 
coming from fabric materials of preferred embodiments 
according to the present invention; and 

FIG. 14 is a graph view of individual charge transfers 
stemming from surface potentials of two standard materials 
and a material, of a preferred embodiment according to the 
present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring now to the drawings, where like reference 
numerals indicate like elements, there is shown in FIG. 1 a 
woven fabric section 10 including vertically extending warp 
fibers 11 interwoven with horizontally extending weft or 
filling fibers 12. These fibers are interwoven by 
techniques well known in the art on a textile loom to form 
a sheet-like material relatively free of interstices. The 
tightness of the weave depends on the end use. Where the 
fabric is to be used to form containers for holding large 



particle size bulk material such as tobacco or pellets, 
then a fairly open weave of mono or multifilament fiber may 
be used in a count range of from about 1000 to 3000 denier 
in each weave direction . 

The fibers may be composed of a tight weave of axially 
oriented polypropylene flat tape material having a 
preferred thickness of from about 0.5 to about 2 mils and a 
preferred width of from about 50 to about 250 mils. It 
will be appreciated that by use of the flat tape fibers, 
maximum coverage is obtained with the least amount of 
weaving since it requires relatively few flat fibers per 
inch to cover a given surface as compared to fibers of 
circular cross section. It is important that the 
ribbon-like fibers be highly oriented monoaxially in the 
longitudinal direction or biaxially in the longitudinal and 
transverse directions. This is accomplished by so drawing 
the flat fiber or the web from which flat fiber ribbons are 
slit, so as to irreversibly stretch the fiber or web, 
thereby orienting the molecular structure of the material. 
In biaxially oriented fibers or sheeting, the material is 
hot or cold-stretched both in the transverse and 
longitudinal directions, or instead may be carried out 
mainly in the longitudinal direction or mainly in the 
transverse direction. 

When axially oriented polypropylene fibers are 
interwoven, they cross over in the warp and weft 
directions, and because of their high tear and tensile 
strength, as well as their hydrophilic properties, the 
resultant fabric is highly stable. Thus the bag, if 
properly seamed, is capable of supporting unusually heavy 
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loads without sagging or stretching of the walls of the 
bag. 

FIG. 2 represents another embodiment of the present 
invention. Layer 41 is a weave of polypropylene flat 
ribbon fibers also of the type described above that 
contains a coating of thermoplastic polymer material (42, 
43) adhered to both sides of the fabric. 

The purpose of the thermoplastic coating 42, 43 in 
FIG. 2 is primarily to seal the interstices of the fiber 
weave to prevent leakage of any finely divided contents of 
containers made from the fabric, and also to impart 
moisture barrier properties to containers or in other 
fabric applications such as tarpaulin or tent fabrics. In 
the present invention, the thermoplastic coating may also 
serve as a dispersing base for an antistatic agent which 
helps impart antistatic properties to the fabric as more 
fully discussed below. 

The thermoplastic coating may be composed of any 
thermoplastic polymer composition which is sufficiently 
non-brittle so that the flexible characteristics of the 
woven fabric are not seriously diminished and which is 
adherable to the polypropylene fiber material forming the 
fabric base. Preferred thermoplastics are disclosed in 
copending U.S. Patent Application Serial No, 08/139,113, 
which is incorporated herein by reference in its entirety. 

The thermoplastic coating may be applied to one or 
both surfaces of the woven fabric by techniques known in 
the art such as extrusion coating, dip coating, and spray 
coating. Generally speaking, the coating may be applied to 
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a dry coating thickness within the range of from about 0.5 
to about 3.0 mils, preferably from about 0.8 to about 1.5 
mils . 

It is to be understood that the application of the 
teaching of the present invention to a specific problem 
will be within the capabilities of one having ordinary 
skill in the art in light of the teachings contained 
herein. 

Test data indicates that by coating the surface of the 
fabric the surface resistivity is reduced by a factor of 
about 10 to 100. Also, test data indicates that the best 
static discharge incendiary control properties, in the 
range of relative humidities previously described, are 
achieved with a surface resistivity range between 10^ and 

io''a/D. 

The use of certain materials having a surface 
resistivity range between 10^ and 10^^ Q./0 results in a 
system having low incendiary static discharge. While the 
invention heretofore described is primarily directed to the 
use of such a material in the formation of an antistatic 
fabric, the certain materials may also be used in other 
circumstances when it is desirable to dissipate static 
electricity and minimize resulting incendiary static 
discharge. An example of such a use is the inside of a 
silo or grain container, conveying equipment, or other 
applications where electrostatic discharge will result in a 
spark discharge. 

The present invention is also directed to a 
quasi-conductive woven fabric section including 



quasi-conductive fibers. Quasi-conductive fibers are 
disclosed in copending U.S. Patent Application Serial No, 
08/252,660, which is incorporated herein by reference in 
its entirety. As an additional step, an antistatic coating 
can be applied to. the woven fabric section, A coating with 
a specific surface resistivity range, for example an 
antistatic coating, can be applied so that it covers the 
entire surface, or it can be applied so that it covers a 
portion of the surface. 

FIG- 3 shows a woven fabric section 60 including 
vertically extending warp fibers 64 interwoven with 
horizontally extending weft or filling fibers 66. These 
fibers are interwoven by techniques well known in the art 
on a textile loom to form a sheet-like material relatively 
free of interstices. 

Shown in FIG, 4 is a quasi-conductive fabric section 
68 that includes the warp fibers 64, the weft fibers 66 and 
quasi-conductive fibers 62, which are woven with and in 
parallel to some of the warp fibers 64. It is to be 
understood that quasi-conductive fibers 62 may consist of a 
single fiber, or be a combination of fibers woven or 
otherwise interconnected to make a fiber. While the 
quasi-conductive fibers 62 are shown parallel to the warp 
fibers 64, they could be positioned parallel to the weft 
fibers 66. Furthermore, while the quasi-conductive fibers 
62 are shown in FIG. 4 in a standard over one - under one 
pattern, the fibers 62 can be woven in any pattern or 
otherwise included within fabric section 68 in any manner 
which provides comparable antistatic properties. 
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A quasi-conductive fabric conducts sufficiently to 
effect corona discharge, but not in a manner sufficient to 
substantially effect incendiary discharges. One embodiment 
of a quasi-conductive fabric may include quasi-conductive 
fibers. A quasi-conductive fiber effects corona discharge, 
such as at its ends or at other discharge points, but has 
sufficient resistance to substantially avoid incendiary 
discharge at its ends or along its length at a rate that 
results in incendiary type discharges. One embodiment of a 
quasi-conductive fiber may include a relatively conductive 
core, at least partially ensheathed in a relatively 
quasi-conductive' or non-conductive material. Other 
configurations could include a fiber having a substantially 
homogeneous material or a relatively more heterogeneous 
mixture of materials with larger regions of different 
materials relative to the fiber 62 diameter. Additionally, 
the fiber 62 could include more than one sheath-type layer. 
Therefore, while certain combinations have been illustrated 
herein for the quasi-conductive fibers of the invention, 
there could be other configurations which include 
components of conductive, quasi-conductive, and 
non-conductive materials that would fall within the scope 
of the invention. 

Furthermore, while quasi-conductive fibers have been 
shown to be woven into woven fabric portions, it is to be 
understood that the quasi-conductive fibers may instead be 
dispersed or otherwise positioned upon the fabric portions. 
In addition, the quasi-conductive fibers may be dispersed 
within the antistatic coating and applied to the fabric 
portions with the application of the coating. 



Conductive materials that may result in incendiary 
discharges have a surface resistivity on the order of 10^ 
/(h/O and below. Non-conductive materials generally have a 
surface resistivity on the order of 10^^ to 10^^ £1/0 and 
above. Antistatic coating materials, which are an example 
of coatings of materials with a specific surface 
resistivity range used in described embodiments of the 
present invention, have a surface resistivity on the order 
of 10^ to 10^^ Cl/D. Insulating sheath material, as is used 
in one embodiment of the quasi-conductive fiber, may have 
an electrical resistivity per length on the order of 10® 
ohms per meter (Q/m) . FIG. 5 is a cross-sectional view of 
the quasi-conductive fiber 62 taken along line 5-5 of FIG, 
4. The quasi-conductive fiber 62 contains a relatively 
conductive portion 84 and an insulating sheath portion 86. 
The relatively conductive portion 84 may take other shapes, 
and thus the present invention is not limited to the 
conductive core shape depicted in FIG. 5. The 
quasi-conductive fiber 62 is one embodiment of 
quasi-conductive fibers. Other embodiments may not include 
distinct conductive cores with quasi-conductive sheaths. 

One currently available fiber that may be adapted to 
be used as a quasi-conductive fiber, like the embodiment of 
fiber 62, is a P-190 fiber made by DuPont. The 
effectiveness of the claimed quasi-conductive woven fabric 
sections including quasi-conductive fibers in reducing the 
potential for incendiary discharge was tested by 
incorporating the P-190 multifilament fiber into various 
woven bulk containers made of a standard 6.5 ounce (180 
gram) white fabric at about one-half inch to about four 
inch (1.3 to 10 centimeter) spacings with and without 
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antistatic coatings of glycerol monostearate (GMS) and 
measuring, while the bag is being filled and emptied (a 
"fill/empty trial")/ the number-of gas ignitions which 
resulted upon the deliverance of a combustible gas mixture 
onto the surface of the bulk containers. 

Out of over one thousand fill/empty trials, no probe 
ignitions were observed for fabrics having an antistatic 
coating and quasi-conductive fibers. Fabrics without 
antistatic coating and quasi-conductive fibers were also 
tested. In two-hundred and seventy fill/empty trials of 
such fabrics, two-hundred and seventy ignitions were 
observed. In all of these tests, the fabrics were charged 
as high as -53 kV. These results indicate that the claimed 
quasi-conductive woven fabric sections including 
quasi-conductive fibers are highly effective at reducing 
the potential for incendiary discharge in woven bulk 
containers when P-190 fibers, with or without GMS, are 
incorporated as the quasi-conductive fibers. 

FIG. 10 is a cross-sectional view of a second 
embodiment of a single filament of a quasi-conductive fiber 

162. The quasi-conductive fiber 162 includes a conductive 
core 113 and a non-conductive sheath 117, 

FIG. 11 is a cross-sectional view of a third 
embodiment of a single filament of a quasi-conductive fiber 

163. The quasi-conductive fiber filament 163 includes an 
insulative core 119 and a conductive outer sheath 121. 



The effectiveness of the claimed quasi-conductive 
woven fabric sections including quasi-conductive fibers in 
reducing the potential for incendiary discharge was tested 



by separately incorporating the fibers 162 and 163 into 
multifilament fibers and woven bulk containers made of 
standard 6.5 ounce white (polypropylene) fabric at 1 inch 
spacings with antistatic coatings of about 6 percent GMS 
and measuring during a fill/empty trial the number of gas 
ignitions which resulted upon the deliverance of a 
combustible gas mixture onto the surface of the bulk 
containers . 

The maximum electric field strength measured during 
the trials was substantially similar to that measured with 
the woven bulk containers including P-190 fibers. Out of 
about 200 fill/empty trials, no ignitions resulted. These 
results indicate that the claimed quasi-conductive woven 
fabric sections including quasi -conductive fibers are 
highly effective at reducing the potential for incendiary 
discharge in woven bulk containers when fibers 162 and 163 
are incorporated as the quasi-conductive fibers. 

According to the present invention, as an 
electrostatic field begins to accumulate on the flexible 
container 90 including quasi-conductive fibers 62 (as shown 
in FIG. 6) , a localized zero potential charge is created at 
some midline between the quasi-conductive fibers 62. This 
causes a potential to be created between that midline and 
the quasi-conductive fibers 62, causing electrons to 
migrate into the quasi-conductive fibers 62. 

The quasi-conductive fibers 62 have a resistivity that 
prevents an incendiary discharge from occurring from the 
fiber surface. This is due to the insulating sheath 86 
surrounding the conductive core 84, The electric energy 
instead travels down the length of the quasi-conductive 
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fiber cores 84 and exits the ends of the quasi-conductive 
fibers 62 as a corona discharge. The multifilament fiber 
exhibited a corona discharge threshold voltage at its ends 
in the range of about three to about four kilovolts. 
Further, the fiber, when formed into a loop exhibited a 
corona discharge threshold voltage at its loop end of about 
nine kilovolts. 

If conductive fibers were to be used instead of 
quasi-conductive fibers 62, the capacitance of the system 
would be increased and a larger charge of energy may 
develop. If a ground approaches the ascribed conductive 
system, an energetic discharge may occur at such a level as 
to be incendiary. 

Quasi-conductive fibers 62 can be used in flexible 
intermediate bulk containers 90 either by themselves or in 
conjunction with an antistatic coating 92 (as shown in FIG. 
6) . Container. 90, as shown in FIG. 6, includes side walls, 
and drawstrings 95 on either end to close the ends of 
container 90 for filling. Flexible intermediate bulk 
containers are used to transport finely divided solids such 
as cement, fertilizer, salt, sugar and barite as well as 
virtually any type of finely divided solids. An antistatic 
coating 92 may be applied to cover the entire surface of 
the flexible fabric container 90 or a portion of the 
surface as depicted in FIG. 6. While the coating 92 shown 
in FIG. 6 is substantially parallel to fibers 62, the 
coating 92 may be applied substantially perpendicular to 
fibers 62 or at other angles. 

Antistatic coatings 92 cause the threshold level for 
the potential for an incendiary charge to be increased. 
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With reference to FIGS. 7-9, the utility of antistatic 
coatings 92 and quasi-conductive fibers 62 is shown. FIG. 
7 depicts the ignition profile of a flexible fabric 
container that does not have an antistatic coating 92 or 
quasi-conductive fibers 62. As shown in FIG. 1, the 
threshold level at which an incendiary charge can occur is 
at about -500 kilovolts per meter (kV/m) . 

With reference to FIG. 8, an ignition profile is 
depicted for a flexible fabric container with an antistatic 
coating 92 applied over the entire surface of the 
container. As can be seen in FIG. 8, the threshold 
ignition level has been raised to about -1500 kilovolts per 
meter. Tests have further shown that a flexible fabric 
container that is coated with an antistatic coating 92 
covering approximately one-half of the container in strips 
has its ignition threshold raised above the level exhibited 
by uncoated flexible fabric containers. 

FIG. 9 depicts the ignition profile of the flexible 
container 90 including the antistatic coating 92 and the 
quasi-conductive fibers 62, As is apparent from FIG. 9, 
the ignition zone threshold is higher than the 
electrostatic field that can accumulate on the surface of 
the flexible fabric container 90. The result is that the 
flexible fabric container 90 including the quasi-conductive 
fibers 62 has a threshold electrostatic field on the 
surface of the container 90 that is no greater than 
approximately -900 kV/m. This is well below the ignition 
zone profile of about -1500 kV/m caused by the use of the 
antistatic coating 92. The result of a threshold 
electrostatic field on the container 90 being below the 
ignition zone profile of the coating 92 occurs whether the 
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coating 92 covers the entire surface of container 90 or 
only about one-half of the surface. In this way, the 
potential for incendiary discharge in flexible containers 
is significantly decreased. 

The system according to the present invention is 
believed to control the rate of migration of electrostatic 
discharges. Experiments run on fabrics of preferred 
embodiments of the present invention show this capability. 
With reference to FIG. 12, a combustible gas-emitting probe 
200 is placed a distance above an electrostatically charged 
fabric material 300, An electric surface potential exists 
between the probe 200 and the fabric 300. Probe 200 was 
electrically connected to a ground 204 through a capacitor 
202, in this instance a polypropylene capacitor rated to 
220 nanofarad. The gas mixture emitted from probe 200 was 
5% by volume of propane in air, with a total flow rate of 
about 10.5 liters/minute. This gas mixture was chosen to 
provide a localized flammable atmosphere capable of being 
ignited by discharges having an equivalent spark energy of 
0.25 millijoules (mJ) , the minimum ignition energy of 
common flammable vapors. 

The fabric 300 was electrostatically charged by 
placing an earthed disc covered with a sheet of Melinex"^ 
insulation close to the underside of the fabric material 
300. With fabric 300 chosen of a type of fabric as 
described with respect to FIG, 3, the surface of the disc 
closest to fabric 300 was charged with a corona at about 
negative 10 to about negative 20 kV from a multiple of 
discharge wires, thus increasing the surface potential of 
the fabric material to about negative 37 kV. The disc was 
then removed. Attempts to charge a fabric 300 of the type 
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described with respect to FIG. 4 and including both an 
antistatic coating 90 and quasi-conductive fibers 62 in the 
same manner as the fabric as shown in FIG. 3 resulted in a 
surface potential of only about negative 20 kV. 

Discharges were observed between the probe 200 and the 
fabric material. One discharge, having 73 nanocoulombs 
(nC) of charge, occurred with the probe 200 separated by a 
distance of 50 mm from the fabric. Another test showed a 
200 nC charge discharge with the probe 200 separated by a 
distance of 200 mm from the fabric. Yet another test 
showed a 110 nC charge discharge separated by a distance of 
40 mm from the fabric. These test results were measured 
with an oscilloscope. With reference to FIG. 13, the graph 
shows the 110 nC discharge between fabric material 10 and 
probe 200, The results of the tests run on fabric material 
10 charged to about negative 40 kV indicate that some of 
the static discharges would be incendiary. 

With reference to FIG. 12, when a spark occurs because 
of the electrical potential between probe 200 and the 
fabric 300, there is a migration of charge from the fabric 
material toward the probe 200. The charge migrates along 
the pathway of least resistance. Thus, in fabrics with a 
relatively low surface resistivity, such as fabric material 
60, charge may migrate in a region proximate the position 
201, such as from positions 203 and 205, through the 
material in the direction of arrows 207 and 209 toward the 
closest position 201 to the probe 200, and continue from 
position 201 toward the probe 200 through the atmosphere in 
the direction of arrow 211. Further, if the surface 
resistivity is relatively high, the charge, which follows 
the path of least resistance, instead follows a path 
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through the atmosphere toward probe 200 in the direction of 
arrow 213, The total discharge from fabric material 60, 
which was stored in capacitor 202, is shown as the area 
under line 212 on FIG. 13, which is approximately 110 nC. 

As the surface resistivity is adjusted by the 
appropriate configuration of quasi-conductive fibers and/or 
coating (and/or other means that may be employed) to a 
level between being relatively high and being relatively 
low, such as in a fabric 300 including both an antistatic 
coating 92 and quasi-conductive fibers 62, the path of 
least resistance is along the fabric, but the resistance is 
sufficient so as to restrict the flow of charge to a rate 
giving a discharge of about four to about fifteen 
nanocoulombs . The quasi-conductiveness prevents the fabric 
in the region from recharging quickly enough to sustain a 
large simultaneous discharge such as shown by line 212 on 
FIG. 13. Instead, in the embodiment tested, it is believed 
that quasi-conductive fibers 62 and antistatic coating 92 
in conjunction control the electron migration at a slower 
rate in the direction of arrows 207 and 209 from such a 
fabric 300 to probe 200. It is believed that the slower 
migration rate in the direction of arrows 207 and 209 
causes multiple spark discharges 272 to occur from such a 
fabric 300. None of the spark discharges, however, have 
enough energy to be incendiary. Also, the quasi-conductive 
fibers 62 in such a fabric 300 may lead to the creation of 
corona discharges which contribute to the dissipation of 
the charge on the fabric. 

In tests run on fabric 300 having antistatic coating 
92 and quasi-conductive fibers 62, a roughly similar amount 
of charge was stored in capacitor 202, about 110 nC. 
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However, the charge stored in capacitor 202 from such a 
fabric 300 occurred from the multiple spark discharges, 
each having a lower individual energy. It is believed that 
the amount of charge transfer in each discharge was on the 
order of 4 nC, as shown by the area under line 272 on FIG. 
13 and to about 15 or 20 nC as shown by subsequent tests. 

Thus, unlike prior systems which attempt to control 
the level of charge or surface potential on the fabric, the 
present system, when releasing charge from a region on the 
fabric through a discharge, produces not a single discharge 
by which all of the electrical energy is released, but 
rather a number of individual discharges of low energy, 
less than that required to produce combustion in a 
combustible atmosphere, typically a minimum of .25 m J . 
Accordingly, the charge on the system may be high, about 
negative 10 kV to about negative 53 kV, and still produce 
discharges which are not incendiary. 

FIG. 14 shows the effect that surface potential has on 
charge transfers coming in single discharges from three 
different fabric materials. One type is a groundable type 
of container which is not grounded. Another type is a 
woven fabric container without antistatic coating or 
quasi-conductive fibers. The final type is fabric 300 
having antistatic coating 92 and quasi-conductive fibers 
62. As FIG. 14 shows, with an increasing surface 
potential, the intensity of a single discharge increases in 
each fabric type. Only fabric 300, however, was observed 
to have single discharges at higher surface potentials well 
below the level of energy sufficient to ignite a 0.25 mJ 
atmosphere, about one-hundred nC. The ungrounded, 
groundable type and the fabric without the coating or 
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cjuasi-conductive fibers each displayed, single discharges 
above about one-hundred nC, the former at below negative 10 
kV surface potential and the latter at below negative 20 kV 
surface potential . 

While the present invention has been described in 
relation to its use in flexible fabric containers, there 
are other applications envisioned. Examples of other 
applications include use in pneumatic conveyor tubes or 
gravity slides or as liners in other containment vessels 
that transport products in situations where triboelectric 
charging may take place. 

What is new and desired to be protected by Letters 
Patent of the United States is: 



